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The botulinum neurotoxin (bont) genes are horizontally distributed 
across multiple species of Clostridium. While recombination has 
occurred across bont genes and gene clusters, the primary serotypes 
have significantly diverged from each other over time. Comprised of a 
Cas nuclease system and CRISPR spacer arrays, CRISPR-Cas 
systems (CCS) enable sequence specific targeting of invading foreign 
plasmid/phage-borne DNA via protospacer complementation. CCS 
represent a restrictive barrier to the horizontal movement of DNA 
across individual bacteria. We identified spacer-protospacer matches 
between select closed CRISPR/Cas+ Group I C. botulinum and 
neighboring C sporogenes strains and plasmid/phage to further 
explore how endogenous CCS restrict and regulate the horizontal 
gene transfer across Clostridium. 

Abstract

These results, while preliminary, suggest that when present, the 
CRISPR arrays in C. botulinum strains, target the protospacers of closely 
related Clostridium species and strains at a far greater frequency than could be 
inferred from the Refseq data due to the limited number of closed genomes; 
~52 C. botulinum genomes as of 12/2020. In keeping with previous publications, 
we observed numerous protospacer matches present in the large Group I C. 
botulinum conjugal plasmids, a known vehicle for the trafficking of botulinum 
neurotoxins (7). Universally targeted assemblies by all seven strains were mostly 
large (200 kbp+), often toxicogenic, group I plasmids such as NC_010418.1 
(pCLK). Plasmids and phage associated with several other genera of bacteria 
including Enterococcus, Paenibacillus and Bacillus were also frequently targeted. 

Discussion

Methods/Results

Table 1: Strain 
information, 
CRISPR-Cas 
Type 
information, 
Description of 
top 3 spacer-
protospacer hits 

�‡ Use of predicted extrachromosomal contigs in addition to verified plasmid and 
phage sequences revealed the potential for endogenous CRISPR-Cas 
systems to play a major role in the selection and rejection of foreign DNA 
between Group I C. botulinum strains. 

�‡ Type Ib and Type III CRISPR-Cas systems are prevalent throughout group I 
C. botulinum, a significant number may have the capacity to use Cas systems 
and existing spacers, lack adaptative immunity due to the frequent absence of 
cas 1/2.

�‡ Spacers with the highest number of matches consistently targeted 
protospacers situated in structural phage proteins, replicative machinery and 
adjacent promoter and terminator regions. (Figure 1 Cluster 4, Table 1)

�‡ While lacking cas8, and not expected to form a functional Cascade complex, 
strain CDC_69094 had the most complete cas gene set amongst the 19 
strains encoding A1 & B5 toxins present in the dataset, potentially suggesting 
a lack of CRISPR-Cas system functionality in these groups of strains. 
Additionally, the predicted EC content of A1/B5 botulinum strains are frequent 
matches to spacers in the CRISPR IB & IB/IIIB genomes. Similarly many 
unique hits to protospacers present in predicted C. botulinum EC were 
targeted by C. sporogenes RF5, indicating resistance to uptake of C. 
botulinum plasmids, some predicted to be toxigenic. (Clusters 2, 5)

Major Findings
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Figure 1. Network map of interactions between the spacers in seven Group I C. botulinum & C. sporogenes genomes and matched protospacers present in predicted and 
verified plasmid and phage sequences.

Assembly Name Strain Toxin TypeEdgesNeighborsCas Description Spacer 1 S1 Match CountTarget Description S2 S2 MCTarget Description S3 S3 MCTarget Description
CP013841.1 AM1051 A2 106 51 IB: Cas 1,2,3,4,5,6,7,8 CP013841.1_Chr_Sp_1099 40 Intergenic region CP013841.1_Chr_Sp_1101     26 3'-5' exoribonuclease YhaM CP013841.1_Chr_Sp_1107 9 Toprim domain protein
CP013683.1/CP013684.1Am282/Plasmid A2/B6 57/46 45/29 IB: Cas 1,2,3,4,5,6,7,8/Cas 5,6,7 CP013683.1_Chr_Sp_759 26 3'-5' exoribonuclease YhaM CP013683.1_Chr_Sp_765 9 Toprim domain protein CP013683.1_Chr_Sp_767 8 Conserved hypothetical phage associated protein
CP013243.1 CDC_1632 B1 370 192 IB: Cas 1,2,3,4,5,6,7,8; 5,6,7 CP013243.1_Chr_Sp_473 159 Putative replication protein CP013243.1_Chr_Sp_461      25 Transposon pseudogene CP013243.1_Chr_Sp_463      23 DNA adenine methylase

CP013246.1 CDC_69094 A1/B5 45 39 IB: Cas 1,3,5,6,7 CP013246.1_Chr_Sp_663      24 Hypothetical protein CP013246.1_Chr_Sp_653 8 Intergenic region CP013246.1_Chr_Sp_637 5 Intergenic

CP028859.1 CFSAN064329(62A) A1 261 102 IB: Cas 1,2,3,4,5,6,7,8; IIIB: Cmr3,4,5,6; Cas 6,10 CP028859.1_Chr_Sp_2409     29 Hypothetical protein CP028859.1_Chr_Sp_2293 17 DUF5050 domain-containing protein CP028859.1_Chr_Sp_2413 17 Hypothetical protein

AP014696.1 111 X 256 92 IB: Cas 1,2,3,4,5,6,7,8; IIIB: Cmr3,4,5,6; Cas 6,10
AP014696.1_Chr_Sp_77 

77 Chromosome segregation protein SMC
AP014696.1_Chr_Sp_113      

33 Hypothetical protein, prophage genes up/downstreamAP014696.1_Chr_Sp_129 11 Intergenic

CP027779.1 C. sporogenesRF5 NT 185 118 IB: Cas 1,2,3,4,5,6,7,8; IIIB: Cmr3,4,5,6; Cas 6,10
CP027779.1_Chr_Sp_2129

24 Hypothetical protein
CP027779.1_Chr_Sp_2197     

21 Transglutamase-like superfamily protein CP027779.1_Chr_Sp_1989 8 Phage-tail tape measure protein

(1)


